The continuous abatement of a synthetic N 2 O emission from a nitric acid plant coupled 15 with the simultaneously production of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 16 *Manuscript Click here to download Manuscript: Manuscript_OFrutos.doc Click here to view linked References 2 (PHBV) copolymer and the coenzyme Q10 (CoQ 10 ) in a bubble column reactor (BCR) was 17 tested using methanol, glycerol and a mixture of sodium acetate-acetic acid (Ac-HAc) as a 18 carbon and electron donor source. The BCRs were inoculated with Paracoccus 19 denitrificans and supplied with the carbon/electron donor at a loading rate of 139 g C m -3 d -20 1 . High N 2 O removal efficiencies (81-91 %) were achieved, with glycerol supporting the 21 highest abatement. The PHBV cell content ranged from 25 to 53 %, with highest 22 accumulation in the culture obtained with methanol and Ac-HAc. However, the greatest 23 PHBV productivities were observed in the BCRs operated with glycerol and Ac-HAc (21.7 24 and 33.5 g PHBV m -3 d -1 , respectively). Glycerol supply induced the highest molar ratio 25 (23 %) of the homopolymer 3-hydroxyvalerate in the composition of PHBV. In addition, 26 the specific cell content of CoQ 10 ranged from 0.4 to 1 mg g -1 . This work constitutes, to the 27 best of our knowledge, the first study combining N 2 O abatement with the simultaneous 28 production of multiple bioproducts, which pave the way to the development of greenhouse 29 gas biorefineries for climate change mitigation. 30 31 Keywords 32 Bubble column, Climate change, CoQ 10 , Nitric acid plants, Nitrous oxide, PHBV 33 34 3 35 1. Introduction 36
flow controller, 3) Gas mixing chamber, 4) Gas sampling port and 5) Rotameter. 116 The experiment using CH 3 OH as a carbon source/electron donor (BCR-A) was carried out 117 for 65 days at a carbon loading rate of 139 g C m -3 d -1 . The experimental run using glycerol 118 (BCR-B) was initially operated at a carbon loading rate of 139 g C m -3 d -1 for 40 days, 119 which was increased to 209 g C m -3 d -1 for the last 25 days of operation to prevent carbon 120 limitation in the process. The experiment with acetate (BCR-C) was performed with a 121 95%/5 % (Cmol/Cmol) mixture of sodium acetate/acetic acid (Ac-HAc; pH 6.5) at a carbon 122 loading rate of 139 g C m -3 d -1 for 75 days. BCR-C was operated without pH control for the 123 first 34 days and at a pH of 7 afterwards via daily addition of HCl (37 %).
124
The determination of the gas concentrations of N 2 O, CO 2 and O 2 was daily conducted by 125 GC-ECD and GC-TCD according to Frutos et al. (2016) . min -1 . The concentration of dissolved VFA was determined by GC-FID following the 148 procedure indicated in Alcántara et al. (2015) . The analysis of PHBV involved the 149 centrifugation of 2 mL of cultivation broth at 9000 rpm for 15 min and the processing of Figure 2B ). This stabilization in CO 2 production 176 occurred concomitantly with the stabilization in biomass concentration, which averaged 177 1086 ± 80 mg L -1 (Table 1) . In this context, the specific N 2 O elimination capacity supported 201 Despite no particular strategy was implemented to boost CoQ 10 accumulation in the 202 microbial culture, a specific cell content of 0.9 mg g -1 (associated to a productivity of 32 203 mg m -3 d -1 ) was recorded in BCR-A ( The use of glycerol at a loading rate of 139 g C m -3 d -1 in BCR-B supported a N 2 O-RE of 220 89 ± 2 % ( Figure 4A ), which was similar to the removal efficiency supported by CH 3 OH at 221 a similar C loading rate. Glycerol, which was a more favorable substrate than CH 3 OH from 222 an energy viewpoint, promoted higher steady state biomass concentration (1638 ± 76 mg L -223 1 ) than that attained with methanol after 10 days of bioreactor operation (Table 1) . This 224 higher biomass concentration resulted in greater steady state CO 2 productions of up to 306 225 ± 8 g m -3 d -1 ( Figure 4B ). other hand, the dissolved TOC concentration in the cultivation broth stabilized at 75 ± 9 mg 243 L -1 from day 10 to 40 (Table 1) . Surprisingly, the analysis of the cultivation broth by HPLC 244 revealed that this TOC did not correspond to residual glycerol and was likely due to the (Figure 3 ). In addition, the productivity of 251 PHBV was slightly higher (16.7 gPHBV m -3 d -1 ) than that recorded in BCR-A.
252
The increase in glycerol loading rate to 209 g C m -3 d -1 resulted in a slight increase in the 253 N 2 O-RE to 91 ± 3 %, with a concomitant increase in the CO 2 production rates to 342 ± 15 g 254 m -3 d -1 (Figure 4) . Likewise, biomass achieved stable concentrations of 2707 ± 85 mg L -1 255 mediated by the higher glycerol loading rate (Table 1) Eschenlauer et al., 1996) . Typically, the production of PHBV with a high PHV monomer 277 ratio has involved the use as precursors of costly co-substrates such as propionic acid, 278 valeric acid, n-pentanol or other fatty acids (Shozui et al., 2010; Steinbüchel, 2001) . Indeed,
279
propionic acid is the most commonly used precursor in the commercial production of was ~1 %, which was slightly higher than that achieved during process operation with 314 CH 3 OH, but much lower than that recorded using glycerol. Surprisingly, the highest 315 specific CoQ 10 cell content (1 mg g -1 ) was recorded under this steady state without pH Two-way arrows indicate the period with and without pH control.
321
The pH of the BCR-C was daily reduced to ~7 from day 35 onward by the addition of HCl, 322 which promoted an increase in biomass concentration up to steady state values of 1940 ± 323 106 mg L -1 (Table 1) . High and unstable CO 2 concentrations were observed following pH 324 control ( Figure 5B ). Thereafter, a stable CO 2 production of 361 ± 77 g m -3 d -1 was recorded 325 20 from day X. The increase in TSS concentration in BCR-C promoted an increase in N 2 O-
326
REs up to 81 ± 3 % ( Figure 5A ), which resulted in specific N 2 O elimination capacities of 327 0.23 ± 0.03 gN 2 O gTSS -1 d -1 . These two parameters were lower than those recorded in 328 BCR-A and BCR-B likely due to the poor availability of the dissolved electron donor for 329 N 2 O reduction as confirmed by the low dissolved TOC concentration (62 ± 4 mg L -1 ) 330 (Table 1) . pH control resulted in a limited stripping of acetic acid as confirmed by GC-FID 331 analyses. The estimated specific CO 2 production yield accounted for 0.74 ± 0.1 gC gC -1 , 332 and pointed out that a large fraction of the carbon input was dedicated to the energy 333 production for cell growth and maintenance.
334
The steady state PHBV cell content obtained during BCR-C operation under pH control in the specific cell content of CoQ 10 to 0.5 mg g -1 when implementing pH control was 347 counterbalanced by the increase in biomass which led to a CoQ 10 productivity of 30 mg m -3 348 d -1 (Table 1) . A higher CoQ 10 specific cell content could be achieved in this study via 349 supplementation of a precursor of the coenzyme. To the best of our knowledge, this study reported for the first time the co-production of the 371 co-enzyme CoQ 10 and the biopolymer PHBV by P. denitrificans during N 2 O abatement, 372 which paves the way to the development of GHG biorefineries as a cost-competitive tool 373 for climate change mitigation.
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